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Abstract: Using an angular version of the Hanbury Brown Twiss interferometer, we show
for the first time second-order interference in the azimuthal degree of freedom, which exhibits
higher resolution fringes than if coherent light were used.
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1.

Introduction

In the last sixty years, light correlations have been a great subject of interest. The so called Hanbury Brown and Twiss
(HBT) effect [1], one of the pioneering developments of quantum optics, has motivated a wide variety of research
and fundamental questions regarding the nature of light. Besides HBT, many other experiments aiming to characterize
correlations in different degrees of freedom involve a series of measurements of the second-order coherence function,
g(2) . Remarkable examples include the study of correlations of two photons in both the spatial and temporal domains
[2, 3]. Despite the interesting physics that light carrying orbital angular momentum involves, correlations of thermal
light in the azimuthal degree of freedom have not yet been studied.
Previous works on classical correlations of thermal light used a rotating ground glass plate to mimic a source of
thermal light [2]. We use a new technique to encode amplitude and phase information onto a fast digital micromirror
device (DMD) [4]. This allow us to impart a laser beam with certain qualities of thermal light using Kolmogorov
phase screens. Kolmogorov phase screens are used to simulate the distortion effects on wavefronts of light caused by
propagation in turbid or random media. This model permits one to simulate a more realistic source of thermal light
in a controlled and flexible manner. Our objective is the study of second-order interference of thermal light in the
azimuthal degree of freedom.
2.

Experiment

Our experimental setup can be considered to be an angular version of the HBT interferometer. As shown in Fig. 1,
we first collimate a HeNe laser onto a DMD which rapidly displays pregenerated Kolmogorov screens. At the DMD,
DMD
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Fig. 1. Experimental setup
the beam gains a random phase component that is determined by Kolmogorov statistics. The beam is focused down,
after which the first diffraction order is picked by an aperture. The beam illuminates a spatial light modulator (SLM)
that performs two functions. We encode amplitude and phase information into a binary grating that is displayed on the
SLM. The grating includes an angular double slit aperture multiplied by a forked hologram that projects the beam onto
an orbital angular momentum component. The first positive and negative diffraction orders from the SLM are collected
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by single mode fibers and then integrated by two avalanche photodiode detectors that measure both the intensity in
both arms and simultaneous events between the two arms.
For each value of `, we rapidly display thousands of realizations of Kolmogorov screens in order to simulate turbulent media. Summing over all screens, the first diffraction orders after the SLM can be described by
E1 = ∑ α j,1 eiθ j,1 + β j,1 eiγ j,1 −i`∆φ

E2 = ∑ α j,2 eiθ j,2 + β j,2 eiγ j,2 +i`∆φ ,

and

(1)

j

j

where E1 and E2 represent the field in the first positive and negative diffraction orders, respectively. The terms α j eiθ j
and β j eiγ j represent the jth realization of a Kolmogorov phase screen projected over the angular slits. The spatial
coherence of the pseudo-thermal light can then be described by
Z 2π
0

f (φ )δ j (φ )e−i`φ dφ = α j eiθ j

and

e−i`∆φ

Z 2π
0

f (φ )δ j (φ + ∆φ )e−i`φ dφ = β j eiγ j e−i`∆φ ,

(2)

where f (φ ) represents the transmission of the angular slits and δ (φ ) represents a Kolmogorov phase screen, using φ
as the azimuthal coordinate. We can then calculate the second-order correlation function,
g(2) = hI1 I2 i − hI1 i hI2 i .

(3)

After combining these expressions, we can compute the second-order correlation function to be
∗
g(2) = 2ℜ(hα j,1 β j,1
β j,2 α ∗j,2 ei(θ j,1 −θ j,2 +γ j,1 −γ j,2 ) i) cos(2`∆φ ).

(4)

Remarkably, interference fringes with increased resolution are formed, although the visibility is decreased.
3.

Results
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After choosing the size of the angular slits to be 15°, and the angular slit separation to be 30°. The experiment was
then run with and without the turbulent Kolmogorov screens. Measurements were taken for projections of ` = 0 to 16
in the first arm (and correspondingly, ` = 0 to − 16 in the second arm). For the measurements that include turbulence,
the DMD cycled through 72000 pregenerated Kolmogorov screens at a rate of 1440 Hz. The experimental results in
Fig. 2 show that using a coherent beam gives first-order interference (FOI) fringes that modulate as cos(`∆φ ) in both
the singles and g(2) correlation measurements. As soon as we turn on the Kolmogorov screens, we can see that the
interference fringes show increased resolution, as the g(2) correlation measurements modulate at cos(2`∆φ ).
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Fig. 2. Experimental results of first-order interference and g(2) measurements with and without turbulence. Note that the interference fringes in the turbulent g(2) measurements modulate twice as
much.
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